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(So 

^faWOBWHt (sliding 
caliper) W«k i4$||ffiUl:((JlTl 

o 14E S^&9Sfc£co fc to k ffl ^ £> tt s «* ic: * 

L T^3M*t«»»k: L frft* o z\ 4 **f » -f , 
O-OlnmJ: iSi>^l?ie$f#5fctolc: r <D/|[Sl«ffl 

(interpolation) lz «fc Steffi CD 
=.0>mftO)ttimmZmM (linear) jfc6L 

mz-Jbrnt-tz. zbizz<Dmmr'iix<r-jis<7> 
—-2v>mm?ji—-7\zimim&£mi8iL, ffe** 



4 

•f&z.t\z*>h 0 

*^AK^£*i£;£T<D«^l3S&te;*7'i' K±ir 

mm *■ z> r t **r * , ji t l t wir® 

^ tj «t l xumt +£i,±o * 

cor-. x-5r-^coftbcDg|5^di^4:tc:MfclisnT^ 

-r v\z&mLtz**->\s<r>wftQ>n.ft J frt>$h$m 

izMffiirZzt&XgZo X> «*&S®**8itoT 

K*f L T|rJ t ffi*K»MIB«-CBft«t*ltf J: <^<D 
20 X, K<DB»K Mit**^?**. JCfc, 

mmfifa&z zm<xz^ fflj&<D&im%M: < t 
<r>m&±.xt>-ox^ to, i 

\z i-D<Dm-&xmm-tni l x£^o)T^ mteMMiz 

io T*4o Sic, ^rtco#tt»W»=, 

mzmv&^mi&'mmizm t xte&mfimft.m% 
&%z?ji'-y'M<7>&mmz*)ifci-?>mte 
mmizMixitmmxk^ thzmo®. 
35 mw&z*n%firimmmzGiix}+&kPi\z^ mm 
&mw.m*fr l xfcm®mfrt>ft% m l t&m&m 

zwvLxmnwMommzfti.'t z z k\z* 
5. J^-t, w-rz>\z*&w%iB;0>mm^ mmx- 
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SOTS #«KIEflirC/.Mffi<*>'< ^->*^5wt 

^±^ flt 1 El if; -t J: -5 K R (,n L * - ,u 
(scale) 2 0#>&>£ t 3-, Z <DX^ — J^±\Z^'M.CO 

ffi^x? J K (slide) 2 2 a*S21$ 2f nt^ S„ 

^2^ir^r-rj:-5ir > K<DSffiOV<* — 

> 2 3 lt&Jjm<»WM 2 6 , 2 7, 2 8^BfiSS 

CttSfljBllS 9j^W3*|Hl;rj«fl=jWfti(&S 
tLT^Sc wn6a>3fB^EEti}S^4:^iHH^L 

tr->>^±iili^3 2, 3 3 tMstir^j. 

So E $ 2 $ Pi (» mm (supplying 

electrodes) <h3Hf Sffi (receiving electrodes) 
3 0,31 £corawH&-£jBtt5jttoK > i&fK'< 
?->3 6 6<t!l!<*&ftTliiS. w<75^<^->ttEi 

SSiSSg 2 9 tiEttfflWKE*»^i- * J: ■* KflWi 

(interpolation) te#§Jg& 2 9 K*fLT§:W 
(3 0£fc*±3 1) ^fb<D«J£«tt:^fl<P CMS 



6 

IS 7 EKif&lSSff 2 9^=-3^^*&^|ffiR, S, 
Ttgftg3 0, 3 1 a>£f#&*XJti£JEJ («£ 

SiiUt^tEt -C^J^tiM (linear 
10 interpolation) £fT >£ ? Z bfi*~V& £„ 

g 3 - > te&fcH®& 3 7 t z <r>m 

. fCfifttinfcfilti (transfer electrode) 

gteSttSfctK, K0)Ii2 6, 2 7, 

20 2 8 CJ;ot^ftSETOi;EE3nT^I)„ 

<- ^mmm * *r t t <- > -s ~ t &&tsn 

-> (^ i ei) izint zwmmmb tmmmmc 
30 &M%ttemmmzwmi&MmmiotLi>o z 

<?v< * - v i±i&titifcm-&mzWir & t gam 

40 1 K*f l ttt^< ^ - > ws*hbii»= a? h iz&mm 
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7 

"CI? So 

K^HUB 2 4 te#gj§So= 2 9 > 3 2 , 

3 3, R&SEH&3 4tiJ:Cf^#3 5tf»£>iSo 
efrail]£g3 4fcM&fBgi<P *jByj£fflk:X8ltTwn 
£^8s3 SK&gtS-frS. !ftai!I]gg3 4£t*£l 
W&frb'P+i. < i: fc--POW&tBff#*^^-6 

o?>iBfl- 3 0 <t 3 1 K#tHlU * 
ti«ite»Lr«*WI»3 2, 3 3 

t- Aj6«eB99»"C* S«* -5 K1-SfcAt>-C*S 0 

lftaislE&3 4«~-P£DJBiJ^f-+-^*^-c^2t; 
«IJ£T* -5 «fc -5 trtffiK^tLT'c ?3 A^iftt 

xE&WM \z *£ S «fc -5 * t* >f * ;u:iE$£;iSi2g£g£ le 

-t^T 

.2, 3 3fc»aiallft3 4HfcJKISE-<-4wfct>r* 

0>$ jfcj&g. $ j; ^ nmmrn. •> x ^ a » 

J; -5 J: 5 ft So 

35 B E] « 3 1@ is X y- A <£> tz 4t> <D -t O «fc ^ 

wee cs, r, t) o'tmt j tn\z±-?x$:mw. 

m3 Q, 3 1 A»£>f#£ftS r {f-*f_» <D?&JB$^: 

f S X ir A K is if S J: ~> K^ft iM u 
iliS (zero passage) £ffll\T4£g $ tfetfj-f S 



5 

K*H-sy-h«teg (y) is±Tfx>r- Mztt 
5 t5X7-f KcoteH (x) oM&FCx, y ) t 
&S^E#f#6ftSo Y— b o>&$ & .kVmMn 

F(x, y) *'*t<t5J:-5J=«ja-r*rt**T 
■fSt>^, x-NL=kyU:*fLTF(x, y) = 

• 0 

<OPJ^ci:^L0^o -^coft^^mtBcoiJiS a 

imffenmnmco zm^mmmm c sjpxfctiggi 

X ^-^©Utt n fflWS-'* 9 - ><?)^^t 
PI U fflJtlJ *) V h (split) Lt^^-^jft 

25 •b'i^o C«>«-&lC*f^?,x i: yOfflCDIfi*SMW; 

c = b 
a =3d 
d =L-a 



h 4 2T-=^«UL, to^a=0^«8<7)343- 

«j i K-tn-^nwapfsttffiji** i; s «t -5 l 

Tf6±S*!:So 
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r 4 5 t±M^^CMOS@SSCA4064£DJ; 
o 'ittfBcj -y ^JHJgg (phase locked circuit) T? 

£ <&[IIJ&fiSElMttl%Jg5? (voltage 
controlled oscillator) £ CO§|^f|CDjgI 

/l_/a== 3oT 

b %Z<k 6 K%\\mtSi\Z, 0 ZOi^kU 300/,= 
301/^^ LO. 

r 4 6 l-J;-PTftJ^?aj^/ 2 0— jglJffl 
13^L<> /§li&^i/ i! /'3fc^H.^^u^^^ 

IWcDl/300 (L=3wi»btfl/100w»^^^) -f*i 
300coy— h^<^^<D0#^F ! 3-r% *y— ;K73 
^ftEElc*H-£y- h'^xO&tBfeSj&il/lO 
OrotttefcU&i-S * r- y L&ffiVt^TWa! 

mttrnzmm (sweep) -rso Y—\"**xtt.* 

Y- mSW4»;W -yf-5 7 fcHJfcT* < «*: -5 1c d 

r- hltlftoMMttKflUHl 6 3 tix -T ? 
6 4l:J:-3t)f^3nS, wCDX-T yf 6 4 Wt-a- 

y- h b* iH«>aiftK:ift < mmwzimm 5 0 co 

tbllWY- h 5 8 ^LTA>?>^5 2tc:j||iin 
S„ Y— \-^M*<»\^<r>¥-mM.i)mi&frt>sEm. 
■^k^Z My&-t h t * «7 ? 5 2 a*f£it-f- 
S„ ZixitxY-MzW-fZxy-i K^MWtt 
IS<7>Bil&-e*Sl#5l (sweep) ©-^fcfet»r 

i-f h 5 1 Kib%^T^j£j^;0*9OOT-^3ft. 
teftcogte * KCgf Sit co*|U£ t * 5, 



JO 

St -a-r * «fc 9 tt*«**EE0><fcie&«SSISBe 

* r 0j *><3 r lj KgfbS-tffcfcSJ..=.V h 5 

, -v<*>flS8 (3m) ?3l:iil>t77^ 

2*»6fl)**ffiffl (R.S, T) tc«k-^T1^0# 
fl)^y-JHc:*fl-5aiBH=Jt*«|)ew^cDttffl<oa 

£|6j£&£U 5 3 CDifilf Jr£fcOfcit>cD 

25 ^J^SMtl., 5 3t±x^r — jw-i/^, 

W^fe(K^6«fti?73(a]CD^ (5 yy-^) 

so 5 zizxnzti^ xcm&jF&B eimftzitZo 

*5i<Hi> *^>^5 2, 5 S/J^com^m^-* 
^gUTitta L T d CD X ^ — x -r A-CtiLmZte 

fz.T-j'.izi&man&xY-ji-kxjj kcd^h 
, w < ^ _ > ,3 te fc , T 2 # g co^ mm® ttiEim 

L < , n t±fetBco$!cr * So 3 0U 
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mWL/nT'&iO, fr-omi&Jifa iz L /2nt£ <& 

=>?{ vnmizmmmzmm-t s z t * < % mut 
%&-t&=.m<ommzffi*.x^z. mm 

W&Z L, kUOttl&i- & n * - V * 

{&tettmo> — 3, «;U*Rfc**LTJttEVi<&te 

... M =^L^U~^ 

*tt*HMJ6* ft % o wzmvh^Mmo-fv y 

fmZTF-fo 3 2, 6 2 Va>=L-3039tn 

x«*t4««»T?*«. ;:<a*M«»T?*!MBSft 
fclf^fv,, v,«^--y h 6 0, 6 1 lz%;t«i>ft 

ft**)* Y 6 1 tZfet'Tldt* llfV>i:X 

7-f K0>»fc«a>tB;fcG>— r ^roiitBRtODMcoii 



J2 

f«?ns, 5 5, 5 6 «^9El^fc^5t 

MLl51&imH.Z®.mLX*'r-MzM-rZ>*°5 
4 KWttB0>IE5g*iHiJj££ ft* A. S 5 Kl?$fiJ<;-r 
SCI <fc fc-etSo 
10 X^-MZ^fcmti i MZ-h*l&X.*)<<ZLtzi'7. 

fttt'Se^LlttKltt (linearity) l:^tilT* 

4I&3 2, 3 3, 6 2^^<^m^^it.«7>^'r 
1 tT37T7 7 KJ: < * 

20 ^m&m t l xv>titm\zm-t & <t -5 k^eibs 

±.<r>mfc*m^&z\t\z$m±mmx*t>s,. mm 
&xjimizM*.i£2Q0fB<Di&m&xm!&y 4*9 

6 ft*. lOkHzwiiJ5£J5)i£8&.f«-TM & 

25 «HBI«**»e»Oi"ft*^l:***, wfttil/IOOiiro 

n L T Jfc«fl9{K^«SHtt<*> n {B<£> 

ffiK J: -a T « W * ft KSiftW^jft* * 4r - # 
5<3 *6ft£«fc AK**^T\ ±i£<r>fflm : £: 

fr*QMini-z>~ tfii-simx&Zc HFmmzji 
. ^x$misntzmmtkm^x(Dmmm\z, msm 

om&fr-tfrb* zm^w&mmizm-btiZo 
35 z.nmi%m$Lmit. ^Lfctittfia^ve 

— y>x<7)tztb\z y z.<»A'r-)i<'yx-TMz}3V- 
Zfcm&&e>tg.tfL&i/ i» > JT -f > ^ (resistive 
shunting) *fr*ISffl**tMil«-tt S 0 m*. 

lix >r-)\>±.<D «t rft \z J: •seii'f y tr - ^> x 
40 o>m$itki'*^T<i isfki&mm&ii&m. (lf- 

envelope) Ota*t05^l^^^W^ J^. A * i t >Sc 
T> »tt4ftfc<S«iftflr^««A«ffiau:/J\^ < 
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SHF«-W#£ftS 0 
T-§ So A^^rtHFU^/ofc =k -^TffiJJP S ft 

s* -f -v ^xmm^iE(Dxtsm^t^ 
Atim^^mz^^n^o an 2 

E.<r>\mmz.m h ft, (B^-oa 9 oasa-a** 

m 1 2 0co£<fllJ£ffcJHiifi5J& 7 -f * * Ciffii L fc 
ro±»=Jt«cfl9itS^ffifltttft?«f***-3Tt>, m 1 3 
ft 1 4l3&*LF^«aifig$ftfcHF1f*§-KlW 

§5= ( 7 step binary frequency divider) 8 . 1 

h 8 2 l:iot * ft. ^MPHcofetB 

{iS ^ W-T S EgoOTBOOHzCD^^f'F «^ ft So 

wn*bE3-^cr>500Hz«^-«^ligff 8 0 Kj££ft 
;U?l£*5c/o t iffl-^"^ * raoc7)128kHzff^ h 9 
i'Xfa- y- 8 5KiM6ft, 500Hz1f^-COH14tC 
BS U T 180Mtetl^E^- h ft S, 

h 7 vxfa- y-cotb^M^-«iai!iaS§7 ot?ta 

I> IKfl-SftSo ^-f^f T2(iJiSI'mt:i-5 
-CfclJifllSft, LF1f^#«#SftS 0 

«fl-»<&ffitfc7 4, 7 5 ttifi5<^ffitfl;«**rU 
3>7 , >-b-7 6, 7 7fcJ:oT»&ft*>*J£tttt 

<75liS^fS^-U, 0 t±l/4^|}KcDfe1f^i: r f >Xfa 

m<?>m-e$> So w co^-fiicifficD^^iiiitiitta!^ 7 

8K.fc-oT&|iJiFftSo 



14 

<r)lEO>tL±<0W7"J<f-*--v V 8 3 £ h ') if 
mm (binary value) &?*Jf-r& a ^Lt77 

5 v u-oaffiie^-rfa^tti^-rso 
z.v>vv<j-a--v h<7>ai^«ft-ic-3--'y r 8 4 
-csaa^ft, i^rof^ffl^if'i^ftSo 

IE : ftfB&eK= f C h 7>^^-tffl) 

JO b fc*l<>fc(,">CDte®, ficfc>%-» |-^>^fa- 

v-w&wii- snaco* y — ji"<* - >^/siik^ 

><7>mmv>*ftMT-c*>zt%y Hindus? 
ji y*-twj#"s>i»&ft*o 

c ^sStfe :x-f7f-8 6 <fc <0 , W-J*-* 

cd r 7^*7*^.— y-cr>#Kia«lr^-t-So 
d X^-*7r^?- (scale factor) 

20 *t,n±-r ^f-eW5*t s «t ? K3S5£-t- s 0 

e jH!UStt«^AA^ b 1 1 0 *ttfF * ■«•*«> 
tciSS'i^^^-rSo 

ift4>fl)«iBttmaa>B&ffSfT'5c -5 J: -5 I:/p 
^ 7 A 3 ft fc v * ? xa 3 > tf a. - ? T?fT * *> w t 
25 ;i*T£So 

St'-T^W^X (digital caliper) 

»wi®ffi-r stttt, -rfiff ttttuferaE 

s-c*s„ 

•to m\ 5Elcr>£/X7 v A«-/a'y ^ 4 1 , 7 0~ 
. B 3 KMLXtem 1 4ElC0i>'^7 i Ai:|l|«-C4, 
So 7^^-111^8 3!4»^CDtti^)BA^— V h 8 6 
T ^ - ^BWRK ±; ^ Z>&\M.W.\£ Z mm. * ftt ffi 
35 Ll'2IIB'Win, i OiB^MlMI 8 7 CO 

6ft So ®.W.&v>i> o -nmtzte 2 
mTV^Ws-h*?^* 8 80tc^C**^^ft 

So 

h 8 6 t LTtt&fcKD'J- 'J-> 
40 (ROM) ${£ilT-§fSo C«**B««t=«SL 

<>it,^> y- h 9 QtfMZfo'Oi'^WtiH'* 
8 8(wjt6ftSo -=--*y h 8 7^<iOttJ^IC0S± 
ttf-V h (MSB) *i h 7 y-co^tij^ 
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SfctoCDff-^ (Up/Down) tLtffll^n^ 
fiV>9(DmCi>mB*\z*gL < Y- 

h 8 1 nm^&nzsTY- v 9 ok^a., y- 

h^'^CjyLTlflbt.fttAf^^ 8 8# 

#«7> 9 8 8^<E>? n 'V ^^jux/o'tt-a.— 7 
h 8 9 Kfc-^&ft, :<Da = 'n8 8«^W 

> >U7 T 9 9 — C0^4t>C0|/f L i. v<ju* 

^7 h 9 4WBCD(2ii<bl0ii) TVzff+i 

7* ' f 9 tile's 9 8 8CD*>>> h# 

fatel^Uif^T-i&iJillisns. t£-?r. a-y h 9 

y * fc teiraiKDjl^ flc X !r - 7t- 7 T * 9 ~ \Z J: -D 

t h 7>*7^.~ *r8 5 (Dum^mtirio 

^-7 h 9 5l±J--7 h 9 4^<bC0BCDai^ 

k— m?s 5 tzibor =» - $v k 7 -f s*t-$> s a 

^--7 h 9 2 fcfc h 7^X?a- y-CO#f|JjiifgS 

■ns lAmw&mzftL, ztitf*.-v h 9 4 

ifS 1 6 HI l± r -i i> 9 }V 7 (digital 
caliper) £Ofc<St> COS -fi^^ t- A $^:^- 0 Z.<T>i/ 

^--7 h 8 2(±500HzCD 4Waa.Mm*tHt}-fh a 

$iM& 8 0 co^ttt, icoeg-pcoLF<itB^> 

200kHzOjI]i£&K.J:oT?it-tf 6*U 4-a>!&*tt 
£>ft7tE3-30>HFff ■*§-;!>< h 7 — -y- 8 5 

7 h 7 0T?*a«5n» «p^7 zizm^xm*. 



mft&<Diat>m^v>ig&mm (zero 

crossings) teJt&Sf7 9 \z ot^ tb S ft So 

5 m$k-C*>Z^-V h 8 2rt»£tf>4*BLFte*§-K*f 

a = 'VM0 6 te200kHz<f ?o'^tL 

9\t*ms*->V7.<r)-h*jy MM 9 >\s*n%^ frJS 
20 f£8 1 ~8 2 fcRJHLTttf'N-So '^B 6 

'J-tr'y Hi^iK'^*<D;fr±*H;:J:-^T h ') # 
*ft£o h 1 0 7 &s<Ji'XKcb&&±.<0-e 

15 * 1 0 6K>H!^&77ft5. 

h 1 0 7 0tHfltt*8»£K:**L 

^^t>*- 0 ^---y h l 0 8 TD&aislS&jj* h 

■7 >-^.-r j.— -^O^flfjtCijt't S29-OC7D 1 5 "J^ — 

•y h(7?(±i^fit^^fb$^i±i-rs e ioo^uij^i5 

'J^-l-^icO^nK-^^^ (pro K 
pulse) H+tU-'+s.tsVls =l— y H0 8li?D7 
i'^^tSiRHI^StaA^y? 1 0 9tcjEfi|ilc 

ta^^v^ i o s ttnmjvi- 1 o 7^6«oi±i 

v>*Y-jvi/z.?-i»* ft itLm.e>mmm izmtft-t z> 
35 y ?<r>n-mz&mLtcj<i' Kt^-Lx x^k? 

Si^W I- ffift -T S 7. ^ - ;u X 7 A ^ R?^<7) 7. 
40 «fcoK*7--;i-£:;*7-f KC0i>7,7A^^M-f S 
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M£$N£BKU 7<Z>nffl (ntt3 

BEe{ttttt-«J:4tc4:-t~&&6K:, BIB*?-f 

MBtofc (galvanical-ly) |fiU»i*ifctt«f[0> 

EKJ*- (galvanically) ntc—-o<r>W.M8$ 
(detecting electrode) i£"icLwOtfetBSffit± 

* «> B B IH5 # Mt & « B M (transferring 
electrode) $>iL: OfiHftMOiMfCX 9 -f 

Kostflr Bffia*-t«±£ asmur*- arms* *■ 

ftfej&Sii^^*: < t t>— oo»»j£--5BB«>fll 
^=B^TBE»3Bffia*«*3-*$g£U m 

wmjVLMMm&m. 

(2) mznffl&mmmtmmt®m$!i<Dnm0> 

(3) fi^nie^&^Bt^Bffi&E&BBE 
*0ftf&U «nE{IM£B«a*ft:£?B**U DtTIB 
«tb«S6**iWlffi*lfl»=»Lfiia'5:35ri«ai^ Wife 
y< * - xojSBJtmcgs L v 'MUMS ©aftE&MB 



(0~180°) \zttfc-fi>m&mZ&-t2>i2)Wo) 

(4) «wsiEffl[ift«E**f -r & 9 »jEsaemm t m 

arolE§£J&# *$6£"T 5 7 -f >v 9 t \z «fc otfg 

(5) l9ffintB#gmiS35*BiJlB«^1S^«LT^ 

i(6) «raa«i&JB«tt*«±ft^«'a:L, 
««#u ttfiBaBBt±Jt3rB*'&:u rjtrie 

-g- ( c z k p tt^atWEwaJB* n ttlfoSB 

n*B»«»05tfcBa>») oBMrto^asttfcSU 
20 £5n, #^l&mBElc*f-r*BfWir- r (time 
gate) wtt«fl:K**BlSe-C*f?, TOBfcBtfl 

B* »2iatttt*«»j->.y K±©ti/^-yo 
-WtiS-fTiBH, £ 3 BtilEttttttBBEEtcffi 
ffl J ft -5 *r —ji>±o) tgM'*f - > CD— (f!) ^^1- 

K±«H»tB^ * - v K * x ^ -;k7>— $ ^ 

El, ^egltixy-^tx-? -f KcoiHScDttfi® 
B> B 7 Btt 3 t!IE$£i&#;jf&ig!i t «b f# 

BEtftBB*»6»6nfcBEw&BH, ^9^1^ 
«EK©«ftlBB«>— «.*S5%i-^ay^B, »1 0 

~e<nt&Mfflfee>fc»b0)ztr— jut x?<f Kco/<^ 
40 ->co— B«^*B% 551 lBWtBI OElcox^ 

Wt 1 2 Btt**HKBTttM*n««l&«^<ojfi 
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